
Commercial	  Buildings	  User	  Testbed	  Facility	  
Research	  Capabili:es	  



The	  following	  informa:on	  was	  presented	  to	  EETD	  staff	  and	  
invitees	  at	  a	  noon-‐:me	  seminar	  on	  January	  12,	  2012.	  

Please	  note	  that	  informa:on	  provided	  herein	  is	  subject	  to	  
change	  during	  the	  construc:on	  process.	  	  	  

For	  any	  ques:ons,	  or	  up	  to	  date	  informa:on,	  please	  contact	  
Cindy	  Regnier,	  LBNL	  –	  CMRegnier@lbl.gov	  



Objec:ve:	  	  	  	  Educate	  EETD	  research	  staff	  about	  the	  facility	  and	  
encourage	  more	  engagement	  and	  outreach	  for	  the	  project	  

•  Update	  on	  project	  status	  

•  Experimental	  overview	  
•  Sample	  types	  of	  experiments,	  deliverables,	  outcomes	  

•  Facili:es	  capabili:es	  and	  func:onality	  overview	  

•  Management	  and	  Opera:ons	  
•  Brief	  discussion,	  largely	  in	  	  

development	  



•  Commercial	  buildings	  focus	  -‐	  Retrofit	  and	  new	  construc:on	  

•  Focus	  on	  integrated	  low	  energy	  building	  systems	  (e.g.	  
facades,	  shading,	  ligh:ng,	  HVAC,	  MELS	  controls	  etc.)	  

•  Exterior	  testbeds	  unoccupied	  or	  lightly	  occupied	  experiments	  

•  ARRA	  funded	  project	  	  

•  ORNL	  also	  won	  the	  lab	  call;	  their	  	  
focus	  is	  on	  upgrading	  their	  exis:ng	  	  
facili:es	  (focused	  on	  equipment	  	  
performance	  mapping,	  envelope	  	  
component	  tes:ng,	  etc.),	  also	  	  
construc:ng	  2-‐story	  steel	  and	  concrete	  	  
framed	  skeleton	  structures	  



Project	  Overview	  and	  Schedule	  

Lawrence	  Berkeley	  Na:onal	  Lab	  

•  New	  Construc:on	  Testbeds	  
•  Focus	  on	  Integrated	  

Systems	  &	  retrofit	  
•  5400	  sf	  
•  Outside	  B90	  
•  Opens	  Summer/Fall	  2013	  

•  Occupied	  Ligh:ng	  &	  Plug	  Load	  
•  ~3000	  sf	  inside	  B90	  
•  Span	  width	  of	  B90	  
•  Controls,	  Visual	  Comfort	  &	  

Behavior	  
•  Opens	  Fall	  2012	  

•  Controls	  &	  Visualiza:on	  
•  Virtual	  Design	  &	  Modeling	  
•  Controls	  Interoperability	  
•  DR	  Integra:on	  
•  ~1000	  sf	  inside	  B90	  
•  Opens	  2012-‐13	  



•  Bid	  set	  released	  Dec	  2011	  
•  Bids	  due	  end	  of	  January	  
•  Exterior	  demo	  start	  Feb/Mar	  2012	  
•  Tree	  removal	  start	  Jan	  14th	  

•  Occupied	  Plug	  Loads	  and	  Ligh:ng	  
Testbed	  –	  targeted	  for	  comple:on	  
ready	  for	  use	  in	  FY13	  SOWs	  

•  Controls	  Hardware	  Testbed	  –	  targeted	  
for	  comple:on	  ready	  for	  use	  in	  FY13	  
SOWs	  

•  New	  Testbeds	  -‐	  targeted	  for	  
comple:on	  ready	  for	  use	  in	  FY14	  SOWs	  

•  Must	  have/	  basic	  permanent	  
infrastructure	  covered	  in	  budget;	  some	  
scope	  items	  (e.g.	  add	  alternates,	  FF&E	  
items)	  will	  be	  approved	  later	  in	  project	  
depending	  on	  funding	  
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SHEET NOTES

0' 20' 50' 100'

HOUSEKEEPING SLAB FOR MECHANICAL EQUIPMENT

PROVIDE BOLLARDS TYPICAL PER TEST BED, SEE FLOOR PLANS

T.O. ASPHALT, HEADER, CONCRETE & DECOMPOSED GRANITE TO ALIGN, TYP.

PROVIDE PROTECTION CURB & BOLLARDS AT CIRCUMFERENCE OF ROTATING BED, HT. TO VARY

(N) CONCRETE STAIR, W/ TYPICAL CAMPUS STANDARD STEEL PIPE GUARDRAIL

STAINED SITE CONCRETE

DECOMPOSED GRANITE

ELECTRIC PANELS & TRANSFORMER

CONCRETE PAD FOR FUTURE LOCATION OF ENVIRONMENTAL CHAMBER

RELOCATE (E) SHUTTLE BUS STOP

REMOVE/COVER (E) PAINTED STRIPING AND GRAPHICS, PATCH AND REPAIR (E) ASPHALT @ THIS AREA

(N) TRAFFIC STRIPING, S.C.D.

(N) SITE LIGHT, S.E.D.

(N) WEATHER STATION
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PARKING COUNT
32 EXISTING SPACES TO REMAIN
  7 ADA SPACES TO REPLACE EXISITNG
  5 ORANGE CIRCLE SPACES TO REPLACE EXISTING
  9 NEW SPACES
53 SPACES TOTAL
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Facili:es	  to	  support:	  
•  Technology	  development,	  op:miza:on	  and	  valida:on	  (energy	  savings)	  
•  Integrated	  systems	  and	  controls	  -‐	  development,	  op:miza:on	  and	  valida:on	  

(energy	  savings),	  e.g.:	  
•  Ligh:ng/dayligh:ng	  controls	  with	  automated	  shading;	  
•  HVAC	  controls	  with	  automated	  façade,	  operable	  shades,	  operable	  windows	  

•  Valida:on	  of	  simula:on	  tool	  algorithms	  
•  Development	  of	  design	  and	  opera:onal	  tools	  
•  Development	  and	  valida:on	  of	  equipment	  and	  system	  performance	  specs	  
•  Develop	  and	  validate	  Cx,	  M&V	  and	  audi:ng	  tools	  
•  Two	  cells	  for	  compara:ve	  studies;	  or	  can	  be	  one	  larger	  cell	  
•  Mockups	  for	  industry	  (manufacturers,	  A/E,	  owners,	  u:li:es	  for	  emerging	  tech,	  

etc.)	  
•  Virtual	  tes:ng	  -‐>	  tes:ng	  in	  facility	  
•  Anything	  else	  you	  can	  imagine…..	  



Industry:	  	  Manufacturers,	  A/E,	  owners,	  other	  research	  ins:tu:ons,	  DOE,	  
u:li:es,	  etc.	  

Benefits	  to	  funding	  and	  industry	  partners	  
•  Well	  instrumented	  and	  metered	  facility,	  lowers	  tes:ng	  cost	  
•  Provides	  access	  to	  mul:ple	  flexible	  systems	  

•  Many	  manufacturers	  don’t	  have	  tes:ng	  facili:es	  that	  can	  be	  used	  to	  
integrate	  controls	  with	  other	  systems	  

•  Highly	  flexible	  testbeds	  –	  interior	  and	  exterior	  assemblies	  
•  Kits	  of	  parts	  available	  to	  mockup	  new	  construc:on	  and	  retrofit	  condi:ons	  

•  Work	  with	  world	  class	  research	  staff	  
•  Access	  to	  our	  knowledge	  base,	  industry	  overview,	  partner	  network	  



Deployment	  Strategy	  &	  Value	  to	  Industry	  

Concept	  

Theory	  
Lab	  Scale	  
Test-‐Beds	  

Early	  Adopters	  

Real	  Buildings	  
Scalable	  

Deployment	  

Lawrence	  Berkeley	  Na:onal	  Lab	  

Architects	  	  
&	  	  

Engineers	  
Manufacturers	  

Building	  
Owners	  

Federal	  
State	  
Local	  

Government	  

Investors	  
&	  

Entrepreneurs	  

Code	  Officials	  
&	  

U:li:es	  

Test	  Bed	  Program	  



Single	  component	  or	  isolated	  
system	  EEM	  	  

MulH-‐system	  integrated	  EEMs	  	  



LighHng	  upgrade	  –	  	  
fixtures	  and	  controls	  

U	  Hawaii	  at	  Manoa	  –	  Façade,	  
daylighHng	  controls,	  low	  energy	  

lighHng	  and	  plug	  loads,	  
integrated	  natural	  venHlaHon	  
and	  dehumidificaHon	  controls	  

Deep,	  mulH-‐system	  integrated	  EEMs	  	  

New	  York	  Times	  –	  Integrated	  
daylight	  dimming	  controls	  with	  
automated	  shading	  controls	  

Single	  component	  or	  isolated	  system	  EEM	  	  



User	  Facility	  Addresses	  3	  Levels	  of	  IntegraHon	  -‐	  
Few	  exisHng	  methods	  to	  address	  these	  issues	  

1.   	  	  Components	  	  Systems	  
A	  new	  genera:on	  of	  innova:ve	  high-‐performance	  building	  materials	  and	  
components	  that	  will	  be	  integrated	  into	  key	  building	  system,	  e.g.,	  Envelope,	  
Ligh:ng/dayligh:ng,	  HVAC,	  Process	  loads...	  

2.   Systems	  	  Integrated	  Building	  SoluHons	  
The	  integra:on	  of	  building	  systems	  into	  “whole	  building	  solu:ons”	  will	  
demonstrate	  energy,	  demand,	  carbon	  and	  opera:ng	  cost	  savings,	  as	  well	  as	  
improved	  occupant	  comfort	  and	  health.	  

3.   Process	  	  Measured	  Performance	  	  
The	  building	  processes	  and	  IT	  systems	  that	  integrate	  low-‐energy	  building	  design,	  
construc:on,	  opera:ons	  and	  retrofit	  will	  reliably	  achieve	  op:mized	  performance	  
under	  field	  condi:ons.	  	  



Integrated	  
Controls	  Across	  

Systems	  

Component	  and	  
Integrated	  
System	  	  

Development	  

Integrated	  Design	  
and	  OperaHonal	  
Tool	  Development	  
and	  ValidaHon	  

Integrated	  
Building	  System	  

SoluHons	  



Develop	  and	  Deploy:	  	  
•  Deep,	  low	  energy	  integrated	  retrofit	  and	  design	  tools	  for	  all	  major	  building	  

types	  based	  on	  validated	  
•  Advanced,	  cost	  effec:ve	  component,	  system	  and	  controls	  technologies	  
•  Integrated,	  cross-‐cuong	  controls	  strategies	  with	  validated	  energy	  savings	  
•  Develop	  and	  validate	  performance	  specifica:ons	  for	  components	  and	  

integrated	  systems	  
•  Innova:ve	  tools	  to	  enable	  cost	  effec:ve	  ongoing	  commissioning,	  M&V	  and	  

audi:ng	  prac:ces	  

Validate:	  
•  	  Simula:on	  tools	  to	  deliver	  case	  by	  case	  solu:ons	  
•  	  Emerging	  technology,	  equipment,	  systems	  and	  controls	  for	  codes,	  standards	  

and	  u:lity	  incen:ve	  development	  

Increased	  industry	  confidence	  in	  investment	  returns	  on	  efficiency	  technologies	  

Validate	  and	  assess	  non-‐energy	  market	  benefits,	  e.g.	  visual	  and	  thermal	  comfort,	  
that	  will	  increase	  investment.	  	  
Make	  use	  of	  inhouse	  simula:on	  tools	  to	  extend	  results	  to	  other	  climates	  
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 1/8" = 1'-0"1 TEST BED FLOOR PLAN
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KEY NOTES

1

2

3

4

LOCATION OF FUTURE ENVIRONMENTAL CHAMBER
CONSTRUCTION

PROVIDE FLUSH THREADED INSERTS @16" OC FOR FUTURE
PARTITIONS @ 12', 15', AND  20' FROM SOUTH FACADE
TYPICAL, AT ALL TEST BEDS.  CO-ORDINATE RADIANT
ZONING AS REQUIRED .

PROVIDE FRAMING FOR 12' X12' OPENING AS REQUIRED
FOR CHANGABLE SKYLIGHT CONFIGURATIONS

PROVIDE FRAMING FOR FUTURE 6'X6' OPENING AS
REQUIRED FOR CHANGABLE SKYLIGHT CONFIGURATIONS

OVERFLOW SCUPPER (OF), TYP

 CONDUCTOR HEAD & DOWNSPOUT LOCATION (DS), TYP

FOR TEST BED INSULATION VALUE SCHEDULE THIS SHEET

(N) WEATHER STATION

PROVIDE DETACHABLE ROOF ANCHOR FALL PROTECTION
AS SHOWN

5

6

ROOF INSULATION SCHEDULE

  TEST BED NUMBER                 INSULATION VALUE

          TBRA ASHRAE 90.1-2010 COMP.- R-20 (4" RIGID)
TBRB ANNUAL NET ZERO
TB1A ASHRAE 90.1-1975 COMPLIANT- R-19; U=0.10
TB1B ASHRAE 90.1-1975 COMPLIANT- R-19; U=0.10
TB2A CA-T24-2013 COMPLIANT - R-20 (4" RIGID)
TB2B CA-T24-2013 COMPLIANT - R-20 (4" RIGID)
TB3A ASHRAE 90.1-2010 COMP. -R-20 (4" RIGID)
TB3B ASHRAE 90.1-2010 COMP. -R-20 (4" RIGID)
TB4A-ALT. CA-T24-2013 COMPIANT - R-20 (4" RIGID)

7

ALTERNATE #1
ADD TEST BED 90X4
-ADDITION OF TEST BED 90X4. INCLUDE ALL
BUILDING SYSTEMS AND CONECTIVITY TO SERVE
THIS TEST BED.

-BASE SCHEME DOES NOT INCLUDE THIS TEST
BED OR ANY INFRESTRUCTURE SPECIFICALLY
REQUIRED TO SERVE ONLY THIS TESTBED.

-BASE SCHEME REQUIRES AN EXTERIOR WALL AT
COLUMN LINE 'K', SIMILAR TO THE WALL SHOWN AT
COLUNM LINE 'D', AND EXT. ROOF LADDER
ATTACHED IN SAME LOCATION, RESPECTIVELY

8

9

GENERAL NOTES

1. PROVIDE THERMAL BRIDGING TEMPERATURE
SENSORS IN ALL TEST BEDS (18 TOTAL) AS FOLLOWS:
- FIRST MAIN AREA - AT CORNER COLUMNS OF 
  TESTBED ROWS, AND AT COLUMN ENDS OF 
  WALLS BETWEEN TESTBEDS AND BETWEEN 
  CELLS.
- SECOND MAIN AREA - INSIDE AIR GAP AT CENTER OF
  ANY WALL SEPARATING TESTBEDS OR CELLS THIS IS A
  DOUBLE WALL ASSEMBLY WITH AN AIR GAP BETWEEN

2. SEE THIS SHEET, INTERIOR ELEVATIONS, REFLECTED
CEILING PLANS AND EXTERIOR DETAILS FOR LOCATION OF
SENSORS. FINAL SENSOR QUANTITY AND LOCATIONS TO BE
CONFIRMED BY SHOP DRAWING REVIEW.

TEST BED T.O.S.
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BAY TOP PLATE
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PROVIDE 6' X 6' FLAT METAL
PANEL W/ TEST BED NUMBER
DEBOSSED + ENAMEL COLOR
TYP FOR NOS. 1 TO 8

HOLLOW METAL DOOR W/ SS
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B, FULL SIZE
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 1/8" = 1'-0"

Z:\UTBF\LocalRevitFiles\LBNL -
TestBeds-1-4-LocalFile-TR-20111117(Recovery).rvt

User Test Bed Facility
(UTBF) Project
Lawrence Berkeley
National Laboratory
University Of California

A3.106947816

BUILDING ELEVATIONS

4B90XA011

 1/8" = 1'-0"1 NORTH ELEVATION

 1/8" = 1'-0"2 SOUTH ELEVATION

 1/8" = 1'-0"5 WEST ELEVATION - TEST BED 90XR

 1/8" = 1'-0"4 EAST ELEVATION - TEST BED 90X4

 1/8" = 1'-0"3 WEST EVATION - TEST BED 90X1

EXTERIOR MATERIAL KEY NOTES
1

2

3

4

 -HORIZONTAL CORRUGATED METAL PANELS,
TYP.
- FLAT PANEL TO MATCH METAL PANELS W/
TEST BED SIGNAGE EMBOSSED, TYP.
- HOLLOW METAL DOORS W/ TEST BED
SIGNAGE EMBOSSED, TYP.
- METAL COPING TO MATCH METAL PANEL, TYP.
LOCATE LAP SEAMS AS SHOWN.
- SHEET METAL CONDUCTOR HEADS & DOWN
SPOUTS TO MATCH METAL PANEL, TYP.
- EXTERIOR LIGHT FIXTURE, TYP.
- SURFACE FASTENED CEMENT BOARD, TYP.

- ALUMINIUM MULLIONS - SEE GLAZING
SCHEDULE FOR TEST FIT OUT, TYP.
- METAL ACCESS LADDER, TYP.
- STL. GUARDRAIL, TYP.

- STL. STRUCTURE FOR FUTURE SUNSHADE,
S.S.D. TYP.
- REVEAL AND EDGE TRIM TO MATCH METAL
PANELS, TYP.
- BOARD FORMED CONCRETE, TYP.
- STL BOLLARDS, TYP.

- INTEGRAL METAL LOUVER TO MATCH METAL
PANEL, TYP.

5

6
7

8

9
10

11

12

13
14

15



BUILDING	  90	  
•  Basement	  Controls	  Hardware	  

Testbed	  
•  1st	  Floor	  Virtual	  Design	  Testbed	  
•  1st	  Floor	  Visualiza:on/

Educa:on	  Room	  
•  1st	  Floor	  Opera:ons	  Room	  
•  4th	  Floor	  Occupied	  Plug	  Loads	  

and	  Ligh:ng	  Testbed	  

NEW	  EXTERIOR	  TESTBEDS	  
•  4	  testbeds,	  2	  cells	  each;	  1	  cell	  
add	  alternate	  

Includes:	  
•  1	  Rota:onal	  testbed	  
•  One	  high	  bay	  testbed	  	  
•  Other	  testbeds	  are	  low	  bay	  



Controls	  Hardware	  testbed	  
•  Lab	  bench	  environment	  
•  Soldering	  sta:on	  
•  Robust	  networking	  

infrastructure	  
•  Sensors,	  controls	  mockup	  and	  

tes:ng	  
•  FF&E	  
•  Demand	  Response	  area	  

•  Appliance	  and	  meters	  
installed	  for	  DR	  tes:ng	  
and	  demonstra:on	  

•  Remote	  visual	  access	  via	  
webcam	  for	  
demonstra:on	  to	  visi:ng	  
groupd	  (may	  be	  through	  
Vis/Ed	  Room	  on	  1st	  floor)	  
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BLDG 90-BMNT DEMO & FLR PLAN

4B90XA008

 1/4" = 1'-0"1 BUILDING 90 BASEMENT - DEMOLITION

UNDERCOUNTER REFRIGERATOR (NIC), PROVIDE ELEC. AS REQUIRED

FLOOR PLAN KEY NOTES

1

2

3

4

5

6

MATCH (E) WALL CONSTRUCTION AS SHOWN

PATCH AND REPAIR FINISH AS REQUIRED

PATCH AND REPAIR CEILING AS POSSIBLE, PROVIDE (N) AS REQUIRED

PROVIDE (N) CASEWORK AS SHOWN FOR 5 BENCH AREAS

PROVIDE WHITE BD AS SHOWN (WB)

NOT USED

PROVIDE PLYWOOD BACKING + PEG BOARD FOR TOOL STORAGE FULL
LENGTH OF WALL TO HEIGHT OF 7'-6" A.F.F.

PROVIDE FULL HT METAL STORAGE SHELVES FULL EXTENT OF AREA

PROVIDE METAL CASEWORK AS SHOWN

COORDINATE SNORKLE VENTILATION AT SOLDERING AREAS REQD

8

9

10

7

11

 1/4" = 1'-0"2 BUILDING 90 BASEMENT - FLOOR PLAN

0' 5' 10' 20'

DEMOLITION KEY NOTES

1

3

REMOVE (E) WALLS COMPLETE AS SHOWN

SALVAGE DOORS+ FRAMES FOR RE -USE AS POSSIBLE

REMOVE CEILINGS AS REQUIRED BY NEW LAYOUT

REMOVE (E) FLOOR FINISH AS REQUIRED

2

4

REV-1
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User Test Bed Facility
(UTBF) Project
Lawrence Berkeley
National Laboratory
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A2.126947816

BLDG 90-LVL 1 DEMO & FLR PLAN

4B90XA009

 1/4" = 1'-0"1 BUILDING 90 LEVEL 1 - DEMOLITION
 1/4" = 1'-0"2 BUILDING 90 LEVEL 1 - FLOOR PLAN

0' 5' 10' 20'

DEMOLITION KEY NOTES

(N) 4' X8' GLAZING

WORKSTATION LAYOUT - (FURNITURE NIC).  PROVIDE ELECTRICAL AND
DATA @ EACH LOCATION PER ELEC AND IT DWGS - TYPICAL FOR NINE
STATIONS

MOVEABLE ACOUSTICAL PARTITIONS. ALIGN WITH WINDOW MULLIONS AT
SOUTH WALL

SMART BOARDS (EQUIP NIC) - PROVIDE POWER, STRUCTURAL BACKING
AND CONNECTION FOR 3 IN VIRTUAL DESIGN ROOM

SEATING LAYOUT SHOWN FOR REFERENCE ONLY

PROVIDE OVER THE FLOOR RACEWAY

1

3

FLOOR PLAN KEY NOTES

REMOVE (E) WALLS COMPLETE AS SHOWN

SALVAGE DOORS+ FRAMES FOR RE -USE AS POSSIBLE

REMOVE CEILINGS AS REQUIRED BY NEW LAYOUT

REMOVE (E) FLOOR FINISH AS REQUIRED

2

1

2

3

4

5

6

7

PATCH AND REPAIR FINISH AS REQUIRED. PROVIDE (N) AS REQUIRED

PROVIDE (N) P-LAM  CASEWORK AS SHOWN

8

4

9 PROVIDE INTERIOR BLACKOUT SHADES AT ALL WINDOWS AT LEVEL ONE - MANUAL AND
AUTOMATIC, PROVIDE CUSTOM RACK TO ALLOW FOR BOTH IN SAME LOCATION

PROVIDE CEILING MOUNTED PROJECTION SCREEN

PROVIDE WALL MOUNTING HARDWARE FOR TV MONITOR - (EQUIP NIC)

10

11

REV-1

Virtual	  Design	  
•  Two	  rooms	  separated	  by	  movable	  

par::on	  
•  Four	  smartboards	  per	  room	  

•  Allows	  mul:ple	  interac:ve	  
soqware	  plarorms	  to	  be	  
displayed	  and	  interact	  
simultaneously	  

•  E.g.	  BIM,	  Energyplus,	  
visualiza:on	  tools,	  opera:ons	  
tools	  

•  Teleconference	  capability	  
•  Experimental	  scenarios:	  

•  BIM	  interoperability	  
development	  and	  tes:ng	  from	  
design	  through	  opera:ons	  

•  ‘Live’	  design	  op:miza:on	  	  
•  Opera:onal	  tool	  development	  	  



Virtual	  Design	  
•  Two	  rooms	  separated	  by	  movable	  

par::on	  
•  Four	  smartboards	  per	  room	  

•  Allows	  mul:ple	  interac:ve	  
soqware	  plarorms	  to	  be	  
displayed	  and	  interact	  
simultaneously	  

•  E.g.	  BIM,	  Energyplus,	  
visualiza:on	  tools,	  opera:ons	  
tools	  

•  Teleconference	  capability	  
•  Experimental	  scenarios:	  

•  BIM	  interoperability	  
development	  and	  tes:ng	  from	  
design	  through	  opera:ons	  

•  ‘Live’	  design	  op:miza:on	  	  
•  Opera:onal	  tool	  development	  	  

•  Add	  alternate	  for	  third	  room	  with	  
movable	  par::on	  to	  enlarge	  to	  one	  
large	  room	  
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User Test Bed Facility
(UTBF) Project
Lawrence Berkeley
National Laboratory
University of California

A2.126947816

BLDG 90-LVL 1 DEMO & FLR PLAN

4B90XA009

 1/4" = 1'-0"1 BUILDING 90 LEVEL 1 - DEMOLITION
 1/4" = 1'-0"2 BUILDING 90 LEVEL 1 - FLOOR PLAN

0' 5' 10' 20'

DEMOLITION KEY NOTES

(N) 4' X8' GLAZING

WORKSTATION LAYOUT - (FURNITURE NIC).  PROVIDE ELECTRICAL AND
DATA @ EACH LOCATION PER ELEC AND IT DWGS - TYPICAL FOR NINE
STATIONS

MOVEABLE ACOUSTICAL PARTITIONS. ALIGN WITH WINDOW MULLIONS AT
SOUTH WALL

SMART BOARDS (EQUIP NIC) - PROVIDE POWER, STRUCTURAL BACKING
AND CONNECTION FOR 3 IN VIRTUAL DESIGN ROOM

SEATING LAYOUT SHOWN FOR REFERENCE ONLY

PROVIDE OVER THE FLOOR RACEWAY

1

3

FLOOR PLAN KEY NOTES

REMOVE (E) WALLS COMPLETE AS SHOWN

SALVAGE DOORS+ FRAMES FOR RE -USE AS POSSIBLE

REMOVE CEILINGS AS REQUIRED BY NEW LAYOUT

REMOVE (E) FLOOR FINISH AS REQUIRED

2

1

2

3

4

5

6

7

PATCH AND REPAIR FINISH AS REQUIRED. PROVIDE (N) AS REQUIRED

PROVIDE (N) P-LAM  CASEWORK AS SHOWN

8

4

9 PROVIDE INTERIOR BLACKOUT SHADES AT ALL WINDOWS AT LEVEL ONE - MANUAL AND
AUTOMATIC, PROVIDE CUSTOM RACK TO ALLOW FOR BOTH IN SAME LOCATION

PROVIDE CEILING MOUNTED PROJECTION SCREEN

PROVIDE WALL MOUNTING HARDWARE FOR TV MONITOR - (EQUIP NIC)

10

11

REV-1



Opera:ons	  Room	  
•  One	  worksta:on	  per	  cell	  
•  Primary	  worksta:on	  access	  to	  

controls,	  database	  and	  visualiza:on	  
of	  experiments	  at	  each	  cell	  

Visualiza:on/Educa:on	  Room	  
•  Primary	  mee:ng	  space	  for	  testbed	  

users	  
•  Large	  scale	  experimental	  

visualiza:on	  capabili:es	  for	  
experimental	  review	  and	  analysis	  

•  Demonstra:on	  site	  for	  experiments	  
•  Teleconference	  capability	  
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 1/4" = 1'-0"1 BUILDING 90 LEVEL 1 - DEMOLITION
 1/4" = 1'-0"2 BUILDING 90 LEVEL 1 - FLOOR PLAN
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DEMOLITION KEY NOTES

(N) 4' X8' GLAZING

WORKSTATION LAYOUT - (FURNITURE NIC).  PROVIDE ELECTRICAL AND
DATA @ EACH LOCATION PER ELEC AND IT DWGS - TYPICAL FOR NINE
STATIONS

MOVEABLE ACOUSTICAL PARTITIONS. ALIGN WITH WINDOW MULLIONS AT
SOUTH WALL

SMART BOARDS (EQUIP NIC) - PROVIDE POWER, STRUCTURAL BACKING
AND CONNECTION FOR 3 IN VIRTUAL DESIGN ROOM

SEATING LAYOUT SHOWN FOR REFERENCE ONLY

PROVIDE OVER THE FLOOR RACEWAY

1

3

FLOOR PLAN KEY NOTES

REMOVE (E) WALLS COMPLETE AS SHOWN

SALVAGE DOORS+ FRAMES FOR RE -USE AS POSSIBLE

REMOVE CEILINGS AS REQUIRED BY NEW LAYOUT

REMOVE (E) FLOOR FINISH AS REQUIRED

2
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3
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7

PATCH AND REPAIR FINISH AS REQUIRED. PROVIDE (N) AS REQUIRED

PROVIDE (N) P-LAM  CASEWORK AS SHOWN

8
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9 PROVIDE INTERIOR BLACKOUT SHADES AT ALL WINDOWS AT LEVEL ONE - MANUAL AND
AUTOMATIC, PROVIDE CUSTOM RACK TO ALLOW FOR BOTH IN SAME LOCATION

PROVIDE CEILING MOUNTED PROJECTION SCREEN

PROVIDE WALL MOUNTING HARDWARE FOR TV MONITOR - (EQUIP NIC)
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4flr	  Occupied	  Ligh:ng	  Testbed	  
•  All	  work	  done	  to	  not	  interfere	  with	  

occupants	  
•  Two	  zones	  for	  compara:ve	  studies	  
•  All	  ligh:ng	  individually	  circuited	  and	  

metered	  
•  Programmable	  ligh:ng	  
•  Easily	  replaceable	  ligh:ng	  (plug	  in)	  
•  Occupancy	  sensors:	  	  Computer,	  cube	  

and	  ligh:ng	  zone	  
•  Some	  poten:al	  the	  lab	  might	  upgrade	  

the	  southern	  facades,	  automated	  shades	  
Experimental	  uses	  
•  Validate	  and	  assess	  non-‐energy	  impacts,	  

e.g.	  Visual	  comfort	  
•  Ligh:ng	  technology	  and	  controls	  

development,	  energy	  savings	  valida:ons	  
(e.g.	  occupancy	  based	  controls)	  	  

•  Task	  ligh:ng	  technologies	  
•  Task/ambient	  studies	  
•  Possible	  DC	  grid	  ligh:ng	  studies	  in	  future	  	  
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4flr	  Occupied	  MELS	  Testbed	  
•  Two	  zones	  for	  compara:ve	  studies	  
•  Each	  outlet	  separate	  circuit	  
•  Programmable	  circuits	  
•  Occupancy	  sensors:	  	  Computer,	  

cube	  and	  ligh:ng	  zone	  
Experimental	  uses	  
•  MELS	  controls	  devices	  –	  

development	  and	  energy	  savings	  
valida:on	  

•  MELS	  controls	  algorithm	  
development	  

•  Standby	  losses,	  power	  supply	  
•  Possible	  DC	  powered	  technologies	  

and	  controls	  in	  future	  
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Testbed	  Interiors	  
•  Flexible	  interior	  space,	  including	  (add	  

alternates):	  
•  Variable	  ceiling	  heights	  to	  11’-‐6”	  AFF	  
•  Raised	  floor	  at	  varying	  heights,	  	  
•  Interior	  par::ons	  may	  be	  located	  to	  

create	  zoning	  configura:ons	  
•  Two	  cells,	  with	  removable	  adiaba:c	  wall	  in	  

between	  

Experimental	  uses:	  
•  Ability	  to	  allow	  for	  different	  zoning:	  

•  Core/perimeter	  
•  Up	  to	  3	  zones	  per	  cell	  (or	  more)	  
•  Can	  remove	  adiaba:c	  wall	  between	  

cells	  for	  larger	  space	  (40qW	  x	  30qD)	  
•  Two	  cells	  in	  each	  test	  bed	  allow	  

compara:ve	  studies	  of	  systems	  and	  
components	  	  
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Testbed	  exteriors:	  
•  Interchangeable	  envelope	  elements:	  

•  South	  façade	  replaceable	  
•  North	  façade	  

•  Not	  adiaba:c,	  can	  be	  
made	  so	  

•  Smaller	  por:on	  
replaceable,	  e.g.	  for	  cross	  
ven:la:on	  studies	  or	  
dayligh:ng	  studies	  for	  
north	  facing	  facades	  

•  Interior	  shading	  	  
•  Exterior	  shading	  
•  Opaque	  wall	  assembly	  

•  Adiaba:c	  East	  and	  West	  walls,	  and	  
dividing	  wall	  between	  cells	  with	  
thermal	  measurements	  
•  Thermally	  similar	  –	  no	  thermal	  

bridges,	  SIPs	  
•  No	  concealed	  conduit	  or	  pipe	  



Testbed	  exteriors	  (cont’d):	  
•  Floor	  thermally	  isolated	  via	  underslab	  and	  slab	  edge	  

insula:on	  around	  topping	  slab	  
•  Roof	  

•  Not	  adiaba:c,	  can	  add	  insula:on	  above	  ceiling	  as	  
needed	  

•  Cool	  roof	  membranes	  for	  most	  

Experimental	  uses:	  
•  Permits	  study	  of	  high	  performance	  integrated	  façade	  

systems,	  such	  as:	  
•  Dynamic	  operable	  shading	  systems	  with	  ligh:ng	  

and	  HVAC	  controls	  in	  space,	  reducing	  light	  fixture	  
and	  HVAC	  energy	  use	  

•  Interior	  shading	  technology	  and	  controls	  
development	  

TEST BED T.O.S.
0' - 0"

A

A8.07
3

A8.07
4

A8.07
5

A8.08
6

TEST BED LOW
BAY TOP PLATE

12' - 0"

VA
R

IE
S

3'
-6

" M
IN

, T
YP

.

COAT CONCRETE
SURFACES WITH
ELASTOMEIC COATING
SYSTEM, TYP

TEST BED T.O.S.
0' - 0"

E

A8.07
1

A8.07
2

TEST BED LOW
BAY TOP PLATE

12' - 0"

VA
R

IE
S

TEST BED T.O.S.
0' - 0"

TEST BED HIGH
BAY TOP PLATE

25' - 0"

F

A8.06
3

A8.06
5

A8.06
1

TEST BED LOW
BAY TOP PLATE

12' - 0"

VA
R

IE
S

3'
-6

" M
IN

, T
YP

.

_______________________

Architect

Stantec

ORIGINAL SHEET - Arch E

Consulting Firm Consulting A/E Firm Professional Seal (if revision
applies only to revised work)

Issue (Progress, estimate, bid,
construction, conformed, revision, as-built)

Revision
number

Drawn
by

Checked
by

Approved
by

Date Remarks

Drawn by

Checked by

Approved by

Date

Date

Date

CAD file path

Sheet no:

Project No:

Title:

Scale:

Project name

FACILITIES DIVISION
LAWRENCE BERKELEY NATIONAL LABORATORIES

901 Market Street
San Francisco, CA 94103

Tel: (415) 281 5 xxx
Fax: (415) 882 9563

www.stantec.com

100% FINAL DESIGN
FOR BIDDING

11/21/2011

DRAWING - NM

Project ID: FNO10012
/1

6/
20

11
 4

:0
8:

14
 P

M

 3/4" = 1'-0"

Z:\UTBF\LocalRevitFiles\LBNL -
TestBeds-1-4-LocalFile-TR-20111117(Recovery).rvt

User Test Bed Facility
(UTBF) Project
Lawrence Berkeley
National Laboratory
University Of California

A3.216947816

WALL SECTIONS

4B90XA019

 3/4" = 1'-0"4 WALL SECTION 4
 3/4" = 1'-0"2 WALL SECTION 2

 3/4" = 1'-0"1 WALL SECTION 1



HVAC	  
•  Base	  system	  of	  air	  based	  condi:oning	  –	  main	  air	  

handler	  per	  cell	  
•  Chilled	  and	  hot	  water	  capacity	  for	  use	  in	  alternate	  

space	  condi:oning	  systems	  -‐	  permits	  study	  of	  both	  air-‐	  
and	  hydronic-‐based	  systems	  

•  One	  central	  plant	  skid	  mounted,	  could	  be	  replaced	  with	  
small	  other	  system	  –	  e.g.	  heat	  pumps,	  split	  system,	  etc.	  

•  Limita:on	  –	  not	  set	  up	  for	  larger	  central	  plant	  studies	  
•  Radiant	  in-‐slab,	  up	  to	  4	  zones;	  radiant	  in	  topping	  slab	  of	  

various	  thicknesses	  in	  each	  testbed	  (thermally	  isolated)	  

Environmental	  capabili:es	  
•  Two	  testbeds	  capable	  of	  simula:ng	  interior	  condi:ons	  

much	  cooler	  or	  warmer	  than	  ASHRAE	  condi:ons,	  to	  
simulate	  delta	  T	  with	  exterior	  environment	  similar	  to	  
other	  climates	  (e.g.	  Denver)	  	  

Experimental	  uses	  
•  Integrated	  technologies	  and	  controls	  studies	  for	  various	  

condi:oning	  strategies,	  radiant	  and	  air-‐based	  
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Ligh:ng	  
•  Easily	  interchangeable	  overhead	  fixtures	  –	  allows	  for	  variety	  of	  direct/indirect	  

light	  fixture	  studies,	  as	  well	  as	  ligh:ng	  designs	  that	  emphasize	  dayligh:ng	  
controls,	  and	  task	  ligh:ng	  applica:ons	  

•  Plug	  in	  fixtures,	  each	  outlet	  	  

Experimental	  uses	  
•  Ligh:ng	  technology	  and	  controls	  development	  and	  valida:on	  
•  Integrated	  dayligh:ng	  studies	  with	  facades,	  interior	  shading,	  etc.	  
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Facili:es	  
•  Similar	  testbed	  configura:on	  to	  other	  low	  

bay	  testbeds;	  same	  ceiling,	  facades,	  
HVAC,	  ligh:ng,	  plug	  loads	  
interchangeability	  	  

•  Capable	  to	  reset	  posi:on	  every	  minute	  to	  
align	  with	  sun	  orienta:on	  

•  Can	  be	  used	  to	  reposi:on	  to	  other	  
orienta:ons	  for	  sta:c	  tes:ng	  

Experimental	  uses	  
•  Facades	  and	  dayligh:ng	  studies	  with	  solar	  

tracking	  
•  Facades,	  dayligh:ng,	  technology	  and	  

controls	  development	  for	  non-‐south	  
orienta:ons	  (e.g.	  challenging	  western	  
exposure)	  
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Facili:es	  
•  Reconfigurable	  skylights	  and	  

clerestories	  
•  Cube	  layout	  –	  25qWx25qDx25qH	  

for	  equidistant	  surfaces	  for	  
dayligh:ng	  measurements	  

•  Poten:al	  for	  installa:on	  of	  
inters::al	  floor	  for	  2-‐story	  
applica:ons	  in	  future	  

•  Double	  height	  replaceable	  southern	  
facade	  

Experimental	  uses	  
•  Technology	  and	  controls	  

development,	  e.g.	  automated	  
operable	  clerestories;	  skylight	  
technologies	  

•  Double	  skin	  facades	  studies	  
•  Zonal	  studies	  involving	  mul:-‐story	  

buildings	  
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DAQ	  Hardware	  
•  Local	  DAQ	  server	  per	  cell	  
•  Patch	  panels	  for	  experimental	  I/O	  

•  4	  per	  cell	  
•  Ethernet	  and	  power	  raceway	  available	  in	  each	  

cell	  for	  sensors,	  instrumenta:on	  and	  equipment	  
•  Telecomm	  rack	  local	  to	  each	  cell	  

•  DAQ	  server	  
•  DAQ	  I/O	  card	  chassis	  
•  Rack	  space	  for	  POE	  injectors	  (future)	  
•  Wireless	  router	  
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Data	  AcquisiHon	  and	  Controls	  Infrastructure	  
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Database	  

LabView	  –	  	  
Controls	  Drivers	  

Controls	  
Scrip:ng	  Tool	  

DAQ	  and	  Controls	  Soqware	  
•  Central	  database,	  secure	  database	  

par::on	  per	  cell	  
•  Monitoring	  and	  Visualiza:on	  package	  
•  Controls	  Scrip:ng	  tool	  

•  LabView	  based	  
•  Base	  HVAC	  controls	  
•  One	  plarorm	  for	  providing	  other	  

controls	  sequences,	  e.g.	  Ligh:ng,	  
automated	  shades,	  etc.	  

•  A	  few	  standard	  calc	  packages	  
available	  (e.g.	  psych	  calcs	  –	  brought	  
in	  from	  EnergyPlus)	  

•  Controls	  access	  either	  onsite	  or	  remotely	  
•  Adapter	  package	  to	  allow	  controls	  

interface	  with	  different	  simula:on	  and	  
controls	  plarorms	  
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MODELICA

SIMULINK

BCVTB

PYTHON

JAVA

MATLAB

LABVIEW

RUBY

CAL-BAY 
ADAPTER

MODELICA 
SUPPORT 
PACKAGE

SIMULINK 
SUPPORT 
PACKAGE

BCVTB 
SUPPORT 
PACKAGE

PYTHON 
SUPPORT 
PACKAGE

JAVA 
SUPPORT 
PACKAGE

MATLAB 
SUPPORT 
PACKAGE

LABVIEW 
SUPPORT 
PACKAGE

RUBY 
SUPPORT 
PACKAGE

CONTROL/
MONITORING 

POINTS
TCP/IP LAYER

- The Calb-Bay Adapter would be responsible to executing the I/O mapping to the 
correct TCP/IP socket
- The Simulation Language Support Package would include a few functions (Read 
Input, Control Output, Simulation ON/OFF, etc), written in the specific environment 
(Modelica, Simulink, Matlab, etc) that would perform the read/write to abstracted 
control/monitoring points
- The simulation would be ran within the scope of each environment with no need 
for any driver to LabVIEW to be created, provided the environment has support for 
TCP/IP (
have TCP/IP support)
- This would provide a complete platform independent solution, and other 
simulation environment could be added to the list of supported environments just 
by creating the corresponding support package for it
- The main question to be answer by LBLN is, would the tcp/ip latency be an issue 
for control applications (the time that would take for the information to go through 
the network until the hardware point)

SUPPORT FOR MULTIPLE SCRIPTING LANGUAGES





‘Base’	  instrumenta:on,	  lots	  of	  granularity	  
•  Weather	  sta:on	  

•  Global	  and	  diffuse	  horizontal	  illuminance	  
•  Global	  and	  diffuse	  horizontal	  irradiance	  
•  Outside	  air	  RH,	  DB	  
•  HDR	  camera	  with	  automated	  solar	  shadow	  

•  Power	  metering	  
•  HVAC,	  ligh:ng,	  MELS	  broken	  out	  at	  panel	  level	  
•  Individual	  CTs	  on	  each	  circuit,	  currently	  typically	  one	  device	  per	  circuit	  
•  One	  circuit	  per	  outlet	  in	  testbed	  

•  Flow	  metering	  
•  Mag	  flows	  with	  temp	  sensors	  at	  each	  cell,	  chilled	  and	  hot	  water	  
•  Bypass	  calibra:on	  meter	  

•  Other	  base	  instrumenta:on:	  
•  Occupancy	  sensors,	  air	  supply	  flow	  measurement,	  room	  pressure,	  ligh:ng	  

and	  glare	  measurements	  
•  Slab	  edge	  heat	  flux	  
•  Thermal	  sensors	  at	  ‘adiaba:c’	  walls	  and	  areas	  of	  thermal	  bridging	  concern	  

‘Experimental’	  instrumenta:on	  	  
•  Addi:onal	  sensors	  and	  instrumenta:on	  brought	  in	  as	  needed	  by	  experiment	  	  
•  Various	  connec:ons	  to	  DAQ	  and	  controls	  available	  



Testbed Baseline Sensors and Instrumentation Set

Tesbeds 1-4 (New Construction Testbeds)

Item Qty Location Specs
1 Weather Station 1 One at test bed row

Global and diffuse horizontal illuminance

1 (Incl. in weather 
station) - Provide 
dedicated DAQ 

channel

At southwestern most corner of testbed 2A/B (high 
bay). Mount on platform at appropriate height for 
cleaning and maintenance (2 - 4 ft suggested).

Pyronometer w/shadow band and automated tracker. Delta-T 
Devices Sunshine Pyranometer SPN1. Accuracy - PAR = +- 12%, 
Energy = +-12%, Illuminance (+-12%)

Global and diffuse horizontal irradiance

1 (Incl. in weather 
station) - Provide 
dedicated DAQ 

channel

At southwestern most corner of testbed 2A/B (high 
bay). Mount on platform at appropriate height for 
cleaning and maintenance (2 - 4 ft suggested).

Delta-T Devices Sunshine Sensor BF5. Accuracy - PAR = +- 12%, 
Energy = +-12%, Illuminance (+-12%)

Outside air RH

1 (Incl. in weather 
station) - Provide 
dedicated DAQ 

channel

At rear of testbed 1A/B adjacent to HVAC air intakes. To 
be installed at a height of between 4 and 6 feet in an 
enclosure that provides a shield against direct solar 
radiation and supports natural air flow. Easy access 
required for calibration and maintenance purposes.

Chilled mirror w/thermionic heat pump, GE Optisonde. Temp 
accuracy = +-0.15°C, dew/frost accuracy = +-0.2°C.

Outside air DB temp

1 (Incl. in weather 
station) - Provide 
dedicated DAQ 

channel

At rear of testbed 1A/B adjacent to HVAC air intakes. To 
be installed at a height of between 4 and 6 feet in an 
enclosure that provides a shield against direct solar 
radiation and supports natural air flow. Easy access 
required for calibration and maintenance purposes. Calibrated accuracy =+-0.1°C

HDR camera with automated solar 
shadow

2 (Incl. in weather 
station) - Provide 
dedicated DAQ 

channel
At southwestern most corner of the testbed 2A/B (high 
bay). 

Place next to pyranometer in tracker, or get a second tracker 
(less preferable due to shading). 2 HDR cameras (one east 
facing, one west) for vertical surface measurements OR (less 
preferable) 8 vertical illuminance sensors (4 global and 4 
shielded to see sky only), mounted in the four cardinal 
directions.



Testbed Baseline Sensors and Instrumentation Set

Tesbeds 1-4 (New Construction Testbeds)

Item Qty Location Specs

2 Interior dry bulb temps
18 (16 and 2 

alternates for TB4)

2 fixed mounting location on one wall of each cell at 
54"AFF, one at 8ft from southern exposure, one at 25ft 
from southern exposure.  Each with 20ft of cable to 
allow relocation/remounting

Thermistors.  Calibrated accuracy =+- 0.1 °C. Consider network 
data bus devices rather than multiple channels to centralized 
multipliers.

3 Interior suface temps 256 (See Location)

Only in test bed cells 3A/B, granularity of 4ft on center 
on all interior surfaces of wall and roof except southern 
wall. Roof installed sensors installed so as not to be 
located in corners - 5 x 8 sensor grid in roof of each 
cell. Surface sensors attached to surface. 

Thermocouple. Calibrated accuracy =+- 0.35°C. Consider 
network data bus devices rather than multiple channels to 
centralized multipliers. Consider integrating to wall construction, 
but not essential.

4 In-slab sensor temps 27 (See Location)

Install at tubing elevation, three total per cell, one in 
center of 12ft zone, one in between 15 and 20ft zones, 
and one in center of 30ft zone. 

Thermistors.  Calibrated accuracy =+- 0.1 °C. Calibrated 
accuracy =+- 0.05 °C.  Gage 24 TC.  Place at the ends of the 
thermal bridge and in the middle.  Connect them to DAS.

5 Thermal bridging temps 18 (See Location)

First main area - at corner colums of testbed rows, and 
at columns at ends of walls between testbeds and 
between cells. Second main main area - inside air gap 
at center of any wall separating testbeds or cells that is 
a double wall assembly with an air gap between.

Thermistor.  Calibrated accuracy =+- 0.1 °C. Calibrated accuracy 
=+- 0.05 °C.  Gage 24 TC.  Place at the ends of the thermal 
bridge and in the middle.  Connect them to DAS.

6 Interior humidity, RH 2

One per cell in one testbed, testbed location to be 
defined.  Located next to DB temp sensor at 8ft 
location. Suggested for occupant seated level. (4ft 
height)

Chilled mirror w/thermionic heat pump, GE Optisonde. Temp 
accuracy = +-0.15°C, dew/frost accuracy = +-0.2°C.

7 Lighting measurement, photometers 9 One per cell, able to be moved around. Minolta Luminance Meter - accuracy = +-10%. 

8 Interior video cameras, via web, CMOS 18
2 per test bed cell interior, one capturing south end, 
one for north end

Axis 212 PTZ/PTZ-V, 140° field of view, pan and tilt, 3.1 
megapixel, power over Ethernet.

9 Thermal comfort sensing package 6

Mobile, to be used in various testbeds; on adjustable 
rolling stand. Suggested for use at seating level, close 
to windows and shading elements and locations of air 
supply and return. For air temperature, sensors housed 
in reflective tube that allows natural convection. For 
globe temperature, sensors enclosed in grey globe of c. 
40mm diameter.  Not permanently installed, will be 
connected to DAQ raceway when needed.

Air movement, dry bulb temp, wet bulb and mean radiant temp 
at one location (also see accuracies above). Air movement - 
accuracy = 5% down to 150ft/min >10-1 turndown, Dry Bulb - 
accuracy = +- 0.1°C, Wet Bulb - accuracy = +- 0.1°C, MRT - 
accuracy = +-0.2°C.

10 Interior occupancy sensor 9 1 per test bed cell, centrally located

Infrared and ultrasonic occupancy sensor, mounted at underside 
of ceiling with 5ft of flexible cable, located in center of room; 
omnidirectional.

11
Interior stratification trees for 
temperature measurement, DB

1 tree with 12 
sensors

Not permanently installed, will be connected to DAQ 
raceway when needed. 

Relocatable tree with 12-16 points with fast response sensors 
(thermistors), located within ~6-10 ft from each other. Wireless 
sensors preferred.  All tree sensors to be shielded. Calibrated 
accuracy = +- 0.1 °C. Consider network data bus devices rather 
than multiple channels to centralized multipliers.

13 Hot water flow meters 9 One per cell at hot water line serving cell.

Variable metering to allow for very low and very high flow 
measurements to same level of accuracy.  Overall Btu meter 
accuracy = +-1% of reading >20-1 turndown. Platinum turbine 
flowmeters piped in full size bypass for calibration.

14
Hot water supply and return temperature 
sensors 18 Two per cell  at hot water line serving cell.

Selected to ensure Btu meter accuracy listed, but no lower 
accuracy than 0.15°F matching differential between two sensors. 
Accuracy = +-0.05°F. Sealed temperature wells that accept 
stainless PRT probes for accuracy, stability and ease of 
recalibration. High stability thermistors as back-up redundancy, 
same accuracy.

15 Chilled water flow meters 9 One per cell at chilled water line serving cell.

Variable metering to allow for very low and very high flow 
measurements to same level of accuracy.  Overall Btu meter 
accuracy = +-1% of reading >20-1 turndown. Platinum turbine 
flowmeters piped in full size bypass for calibration.

16
Chilled water supply and return 
temperature sensors 18 Two per cell at chilled water line serving cell.

Selected to ensure Btu meter accuracy listed, but no lower 
accuracy than 0.15°F matching differential between two sensors. 
High stability thermistors, accuracy = +-0.05°F. Sealed 
temperature wells that accept stainless PRT probes for accuracy, 
stability and ease of recalibration. High stability thermistors as 
back-up redundancy, same accuracy.

17 Power metering See Location

!""#$%&'(%)"#"*)+,#$%+'-'%+'%&"./#*0'(1')+#"$213%2/#&),4#"$213%2/#5)%#
-*6'('+#&'(7$%)"#8%$&,/#9*7-8&'(,/#)%+#,$78")&'+#-'*-"'/#)%+#
9*%&(*"#)%+#:!;#-*6'(#$5#6$&1$%#&1'#9'""<##=8(('%&#&()%,+89'(,#*%#
')91#"87$%)$('<#>*6'(#7'),8('7'%&,#*%#$%+$0$+8)"#9*7-*%'%&,#*5#
1')3%2#)%+#9**"$%2#,.,&'7,< Accuracy = 1% of reading.

18 Air supply airflow measurement 9
One per cell. For installation on cell-dedicated air 
handling units. 

Variable metering to allow for very low and very high flow 
measurements to same level of accuracy. Accuracy = 1% of 
reading.

19 Room pressure measurement 9 (See Location) One per cell.  See also spec.

Pressure: Room, supply plenum absolute and deltaP.  Accuracy = 
0.25% full scale or better.  DG700 pressure sensors from The 
Energy Conservancy with auto-zero ability.

21 Occupant thermal generator 6
Not permanently installed, will be connected to DAQ 
raceway when needed. 

22
Exterior light levels instrumentation 
package 1 Covered in the weather station Covered in the weather station

23 Slab edge heat flux sensors 36 (See Location)
Structural slab outside of isolated topping slab, one for 
each side of the topping slab.

Sensitivity: 500uV/Wm2, Accuracy within +/-0.1%. Indicative 
specification: Hukseflux HFP03.

24 Thermal bridging RH sensors 18 (See Location)

First main area - at corner colums of testbed rows, and 
at columns at ends of walls between testbeds and cells. 
Second main main area - at center of any wall 
separating testbeds or cells that is a double wall 
assembly with an air gap between.

Calibrated accuracy = +/- 5% RH. Indicative specification: 
Vailsala HMT311 HUMICAP

25 Thermal bridging heat tape 18 (See Location)

First main area - at corner colums of testbed rows, and 
at columns at ends of walls between testbeds and cells. 
Second main main area - at center of any wall 
separating testbeds or cells that is a double wall 
assembly with an air gap between.

Adhesive heating tape for localized heating of thermal bridging 
infrastructure, principally steel I-beam columns. 

26 Lighting Measurement 20 10 LICOR units per cell for two cells. LICOR 210 - accuracy = +- 5%

27 Glare Measurement 8 plus 1 alternate 1 Canon 5D Camera unit per cell. 
Canon EOS 5D Digital Camera with SIGMA lens - accuracy = +-
10%. Data recording and storage to AppleMac mini desktop.

28 Glare Measurement 4 plus 1 alternate
Data recording and storage to AppleMac mini desktop, 
1 per two testbed cells. AppleMac Mini with gPhoto capability.



First	  fitouts	  of	  testbeds	  –	  south	  façade,	  and	  interior	  ligh:ng:	  
•  1980s	  (1	  testbed)	  –	  retrofit	  condi:on	  
•  90.1-‐2010	  (3	  cells)	  
•  Title	  24	  2013	  (3	  cells)	  
•  Net	  zero	  (1	  cell)	  

•  HVAC	  terminal	  systems	  –	  add	  alternates	  
•  Includes	  VAV	  reheat,	  fan	  coil,	  displacement	  ven:la:on,	  underfloor	  

ven:la:on,	  chilled	  beams,	  radiant	  panels	  

•  Kit	  of	  façade	  and	  HVAC	  ‘parts’	  to	  interchange	  to	  some	  other	  configura:ons	  
(e.g.	  more	  90.1-‐2010	  south	  façade	  available)	  



Currently	  not	  funded	  for	  management	  or	  opera:ons	  by	  DOE	  
Discussions	  with	  DOE	  to	  restore	  M&O	  planning	  funding	  
We	  have	  run	  facili:es	  in	  the	  past	  (e.g.	  71T)	  for	  years	  with	  success	  without	  opera:ons	  
support	  funding	  
Experiments	  will	  likely	  follow	  the	  following	  tracks:	  

•  DOE	  funded	  research	  
•  U:lity	  funded	  (e.g.	  ETCC,	  PG&E	  etc.)	  
•  CRADA,	  cost-‐share	  with	  industry	  partner	  	  
•  Proprietary	  funded	  with	  industry	  partner	  

Safety	  
•  Design	  reviewed	  	  
•  Anchors	  on	  roof	  
•  Plarorm	  ladders	  short	  testbeds,	  scaffold	  tall	  testbed	  

Envelope	  switchouts	  
•  Use	  of	  contractor	  



Sample	  Cost	  Share	  Scenarios	  

Lawrence	  Berkeley	  Na:onal	  
Lab	  

Different	  Experiment	  Types	  -‐	  	  Cost	  Share	  Models	  

Cost	  Type	   DOE	  Core	  Program	  
Research	  

CRADA	   User	  Funded	  
Proprietary	  Research	  

Configura:on	   100%	   50%	   0%	  

Safety	   100%	   50%	   0%	  

Calibra:on	   100%	   50%	   0%	  

Fixed	  Admin	  Labor	   100%	   100%	   100%	  

Funded	  by	  DOE	   DOE	  Cost	  share	  with	  
User	  

User	  pays	  for	  all	  direct	  
costs	  



Sample	  Experimental	  Partners	  

Lawrence	  Berkeley	  Na:onal	  Lab	  

Facility	  
Capability	  

Sample	  
Partner	  

Objec:ve	  

Market	  
Impact	  

Benefits	  over	  
exis:ng	  
resources	  

Integrated	  
Systems	  and	  

Controls	  Devel.	  

Philips	  

Rapid-‐prototyping	  
plarorm	  for	  controls	  

development;	  
combined	  ligh:ng	  and	  

HVAC	  savings	  

Improved	  controls	  
that	  op:mize	  ligh:ng,	  
shading	  and	  HVAC	  

(Approx	  50%	  savings)	  

Unprecedented	  -‐	  	  
ligh:ng	  controls	  typ.	  

not	  integrated	  

Technology	  
Development	  

Daikin	  

Op:mize	  efficiency	  of	  
variable	  refrig	  flow	  
systems	  with	  human	  
behavior	  system	  
modifica:ons	  

Increased	  HVAC	  
energy	  savings	  
technology	  and	  

controls	  

Ability	  to	  iterate	  
through	  mul:ple	  

installa:on	  scenarios	  

Technology	  
ValidaHon	  

State	  of	  California	  

Validate	  energy	  
savings	  of	  emerging	  
systems	  and	  tech.	  
for	  codes,	  standards	  

&	  incen:ves	  

Increased	  adop:on	  
and	  deployment	  of	  

technologies	  
(10-‐50%+	  savings)	  

Many	  technologies	  
currently	  unve|ed	  

and	  less	  used	  	  



FY12	  M&O	  Planning	  Ac:vi:es	  

1.  Industry	  partnership	  development	  
a.  Program	  development	  and	  launch	  	  
b.  Develop	  partner	  selec:on	  &	  evalua:on	  methods	  
c.  Establish	  co-‐funded	  collabora:ons	  

2.  Business	  systems	  &	  opera:ng	  resources	  
3.  Safe	  and	  efficient	  opera:ons	  development	  
4.  Strategic	  planning	  
5.  Collabora:on	  with	  other	  test	  facili:es	  
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•  Marke:ng	  materials	  with	  sample	  experiment	  use	  cases	  will	  be	  available	  in	  :me	  
for	  those	  going	  to	  ASHRAE	  (see	  Oren	  Schetrit,	  Steve	  Selkowitz	  or	  myself)	  

•  Materials	  will	  be	  available	  on	  3rd	  floor	  near	  elevator	  

•  Think	  of	  the	  User	  Facility	  as	  a	  resource	  when	  engaging	  with	  any	  visitors	  to	  the	  lab;	  
please	  put	  us	  in	  contact	  with	  interested	  par:es	  	  

•  Reach	  out	  to	  industry	  partners	  for	  experiments;	  keep	  us	  informed	  

•  Remember	  Building	  90	  interior	  testbeds	  are	  targeted	  for	  comple:on	  by	  end	  of	  
FY12;	  consider	  for	  use	  in	  FY13	  funding	  proposals	  

•  Any	  ques:ons	  or	  further	  informa:on:	  
•  Cindy	  Regnier,	  CMRegnier@lbl.gov	  
•  Steve	  Selkowitz,	  SESelkowitz@lbl.gov	  
•  Oren	  Schetrit,	  OSchetrit@lbl.gov	  



End	  


